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(57) ABSTRACT 

Disclosed herein is a multiplex laser light source equipped 
With a plurality of semiconductor lasers; a single multi-mode 
optical ?ber; and a light-collecting optics system for col 
lecting laser beams emitted from the plurality of semicon 
ductor lasers and then coupling the collected laser beams to 
the multi-mode optical ?ber. 
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MULTIPLEX LASER LIGHT SOURCE AND 
EXPOSURE APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a multiplex laser 
light source, and more particularly to a multiplex laser light 
source that multiplexes laser beams emitted from a plurality 
of semiconductor lasers by making use of optical ?bers. The 
invention also relates to an exposure apparatus Which 
employs the multiplex laser light source as the exposure 
light source. 

[0003] 2. Description of the Related Art 

[0004] As conventional devices that can emit a laser beam 
in an ultraviolet region, a Wavelength conversion laser 
(Which converts infrared light, emitted from a solid-state 
excitation laser, to a third harmonic in an ultraviolet region), 
an excimer laser, and an argon-ion laser have been put 
to practical use. 

[0005] Furthermore, a GaN semiconductor laser has 
recently been provided as a device that can emit a laser beam 
having a Wavelength near 400 nm (see Jpn. Appl. Phys. 
Lett., vol. 37, 1998, p. L1020). 

[0006] It is also conceivable that the light source to emit 
a laser beam of such Wavelengths can be applied as an 
exposure light source for an exposure apparatus that exposes 
a photosensitive material Which has sensitivity in a prede 
termined Wavelength region including an ultraviolet region 
of 350 to 420 nm (hereinafter referred to as an ultraviolet 
region). The exposure light source in that case is required to 
have enough output to expose the photosensitive material. 

[0007] The aforementioned excimer laser, hoWever, has 
the problem that it is bulky and costly and has a high 
maintenance cost. 

[0008] In addition, the aforementioned Wavelength con 
version laser, Which converts infrared light to a third har 
monic in an ultraviolet region, is very loW in Wavelength 
conversion efficiency, so it is extremely dif?cult to obtain 
high output. At present, a solid-state medium is excited With 
a semiconductor laser of 30 W to emit a 10-W fundamental 
Wave of Wavelength 1064 nm; the fundamental Wave is 
converted to a 3-W second harmonic of Wavelength 532 nm; 
and a l-W third harmonic of Wavelength 355 nm, Which is 
the sum frequency betWeen them, is obtained. The electro 
optic efficiency of the semiconductor laser in that case is on 
the order of 50%, and the ef?ciency of converting infrared 
light to ultraviolet light is very loW, typically on the order of 
1.7%. Such a Wavelength conversion laser is considerably 
costly because it employs an expensive Wavelength conver 
sion element. 

[0009] Furthermore, the aforementioned Ar laser has the 
problem that the electro-optic ef?ciency is very loW 
(0.005%) and the lifetime is very short (on the order of 1000 
hours). 
[0010] On the other hand, for the aforementioned GaN 
semiconductor laser, a GaN crystal substrate in a loW 
dislocation region is not obtained. Because of this, a loW 
dislocation region on the order of 5 pm is formed by a 
groWth method (ELOG), and a laser region is formed on the 
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loW dislocation region to achieve high output and high 
reliability. HoWever, even in the GaN semiconductor laser 
fabricated in this manner, it is dif?cult to obtain a loW 
dislocation substrate over a large area, and consequently, 
GaN semiconductor lasers With a high output of 500 mW to 
1 W have not been put to practical use yet. 

[0011] As another method for obtaining high-output semi 
conductor lasers, it is conceivable to obtain an output of 
10W by forming 100 cavities Which each have a light output 
of 100 mW. HoWever, it is extremely dif?cult to produce 
such a great number of cavities in high throughput. Particu 
larly, for GaN semiconductor lasers, in Which a throughput 
of 99% or greater is dif?cult even in the case of a single 
cavity, it is still more dif?cult to produce a great number of 
cavities in high throughput. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made in vieW of the 
aforementioned circumstances. Accordingly, it is an object 
of the present invention to provide an inexpensive multiplex 
laser light source in Which high output is obtained. Another 
object of the invention is to provide an exposure apparatus 
that is capable of exposing photosensitive materials With 
high-intensity laser light by employing the multiplex laser 
light source mentioned above. 

[0013] To achieve the aforementioned objects of the 
present invention, there is provided a multiplex laser light 
source comprising: 

[0014] a plurality of semiconductor lasers; 

[0015] a single multi-mode optical ?ber; and 

[0016] a light-collecting optics system for collecting 
laser beams emitted from the plurality of semicon 
ductor lasers and then coupling the collected laser 
beams to the multi-mode optical ?ber. 

[0017] In a preferred form of the present invention, the 
aforementioned plurality of semiconductor lasers are dis 
posed so that their light-emitting points are arranged in a roW 
in a ?rst direction parallel to their active layers. The afore 
mentioned light-collecting optics system comprises a plu 
rality of collimator lenses, each having a ?rst aperture 
diameter in the ?rst direction and a second aperture diameter 
larger than the ?rst aperture diameter in a second direction 
perpendicular to the ?rst direction, and provided so that they 
correspond to the plurality of the semiconductor lasers. The 
light-collecting optics system further comprises a collective 
lens for collecting the plurality of laser beams collimated by 
the plurality of collimator lenses and then converging the 
collimated laser beams on an end face of the multi-mode 
optical ?ber. 

[0018] In another preferred form of the present invention, 
the aforementioned plurality of collimator lenses are formed 
integrally With one another and are constructed as a lens 
array. In addition, a block on Which the aforementioned 
plurality of semiconductor lasers are mounted is divided into 
a plurality of subblocks, and the subblocks are bonded With 
one another. 

[0019] In still another preferred form of the present inven 
tion, the aforementioned plurality of semiconductor lasers 
comprise 3 to 10 semiconductor lasers arranged in a roW. It 
is further preferable that the plurality of semiconductor 
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lasers comprise 6 or 7 semiconductor lasers arranged in a 
roW. Each semiconductor laser has a light-emitting Width of 
1.5 to 5 pm, preferably 2 to 3 pm. It is desirable that the 
semiconductor lasers be GaN semiconductor lasers. 

[0020] In the multiplex laser light source of the present 
invention, it is desirable that the aforementioned multi-mode 
optical ?ber have a core diameter of 50 pm or less and a 
numerical aperture of 0.3 or less. It is further desirable that 
the value of (core diameter><numerical aperture) of the 
multi-mode optical ?ber be 7.5 pm or less. 

[0021] In the multiplex laser light source of the present 
invention, it is desirable that a plurality of semiconductor 
lasers be arrayed and ?xed tWo-dimensionally When vieWed 
from a side Where the laser beams are received. 

[0022] The multiplex laser light source of the present 
invention may employ only a single multi-mode optical 
?ber. HoWever, it is desirable that the multiplex laser light 
source employ a plurality of multi-mode optical ?bers. In 
this case, each of the plurality of multi -mode optical ?bers 
may be combined With a plurality of semiconductor lasers 
and a light-collecting optics system so that a high-output 
laser beam is emitted from each multi-mode optical ?ber. In 
such a case, it is desirable that at least the exit end portions 
of the multi-mode optical ?bers be disposed in one-dimen 
sional array form or bundle form. 

[0023] In accordance With the present invention, there is 
provided an exposure apparatus having a light source. The 
light source comprises the aforementioned multiplexer laser 
light source in Which a plurality of multi-mode optical ?bers 
are disposed in one-dimensional array form or bundle form. 

[0024] According to the multiplex laser light source of the 
present invention, laser beams emitted from a plurality of 
semiconductor lasers are collected and are then coupled to 
the multi-mode optical ?ber. Thus, the multiplex laser light 
source of the present invention is extremely simple in 
construction. Particularly, since the multiplex laser light 
source does not require elements dif?cult to fabricate, it can 
be formed at loW cost. 

[0025] According to the multiplex laser light source of the 
present invention, a plurality of semiconductor lasers are 
disposed so that their light-emitting points are arranged in a 
roW in a ?rst direction parallel to their active layers. In 
addition, the light-collecting optics system is constructed of 
(1) a plurality of collimator lenses, each having a ?rst 
aperture diameter in the ?rst direction and a second aperture 
diameter larger than the ?rst aperture diameter in a second 
direction perpendicular to the ?rst direction, and provided so 
that they correspond to the plurality of the semiconductor 
lasers, and (2) a collective lens for collecting the plurality of 
laser beams collimated by the plurality of collimator lenses 
and then converging the collimated laser beams on an end 
face of the multi-mode optical ?ber. With this constitution, 
the pitch betWeen the semiconductor lasers can be made 
shorter and the semiconductor lasers can be disposed in 
higher density. If a plurality of semiconductor lasers are 
disposed in higher density, the positional shift of laser beams 
at the end face of the optical ?ber can be reduced so that it 
becomes smaller. Therefore, there is obtained an advantage 
that the plurality of semiconductor lasers, the multi-mode 
optical ?ber, and the light-collecting optics system can be 
assembled With relatively loW accuracy. Because of this, the 
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number of laser beams that are multiplexed can be increased 
to obtain higher output. The reason for this Will be described 
in detail along embodiments to be described later. 

[0026] According to the multiplex laser light source of the 
present invention, a plurality of collimator lenses are formed 
integrally With one another and are constructed as a lens 
array. Therefore, formation of a large ineffective region in 
the circumferential portion of each lens can be avoided. As 
a result, the lenses can be disposed in close proximity to one 
another. Because of this, a plurality of semiconductor lasers 
can be disposed in even higher density. Therefore, the effect 
of being able to reduce positional accuracy, and the effect of 
being able to obtain high output by increasing the number of 
laser beams that are multiplexed, become more conspicuous. 
Furthermore, alignment of the collimator lenses With respect 
to the multi-mode optical ?ber is simpli?ed because all that 
is required is to make adjustments to a single lens array. 

[0027] In the ?elds of printing and medical imaging, or in 
the case Where an image, obtained by a printed circuit board 
(PCB), a plasma display (PDP), a liquid crystal display 
(LCD), etc., is exposed and recorded on photosensitive 
material, a laser spot becomes ?ner and therefore a high 
resolution image can be exposed, if a multi-mode optical 
?ber With a core diameter of 50 pm or less is used. In 
addition, if the multi-mode optical ?ber has a numerical 
aperture (NA) of 0.3 or less, enough focal depth to expose 
a high-?ne image is assured and therefore it becomes 
possible to expose an image having high sharpness. 

[0028] According to the multiplex laser light source of the 
present invention, the value of (core diameter><numerical 
aperture) of the multi-mode optical ?ber is 7.5 pm or less. As 
the value, there are 50 pm><0.15, 40 pm><0.188, 30 pm><0.25, 
25 pm><0.3, etc. If a multi-mode optical ?ber With such a 
characteristic is employed, a laser beam from each semi 
conductor laser can be collimated With a collimator lens of 
the same NA as the aforementioned NA. In addition, a 
multiplexed laser beam can be collected to a spot of 25 pm 
or less, With a collective lens having an NA of 0.3. This 
makes it possible to assure high resolution and enough focal 
depth. 

[0029] According to the multiplex laser light source of the 
present invention, a block on Which a plurality of semicon 
ductor lasers are mounted is divided into a plurality of 
subblocks, and the subblocks are bonded With one another. 
Therefore, the mounting rate can be enhanced, compared 
With the case Where semiconductor lasers are all mounted on 
a single block. For example, in the case Where all 6 semi 
conductor lasers are mounted on a single block When a 
mounting rate for a single semiconductor laser is 98%, the 
total mounting rate is 86% (=0.986><100). On the other hand, 
in the case Where 3 semiconductor lasers are respectively 
mounted on tWo blocks, the total mounting rate is 94% 
(=0.983><100) because a joining rate for tWo blocks is 
approximately 100%. 

[0030] According to the multiplex laser light source of the 
present invention, three or more semiconductor lasers are 
provided. In conventional multiplexing of polariZed beams, 
only laser beams emitted from tWo semiconductor lasers can 
be multiplexed. On the other hand, in the present invention, 
a multiplexed beam having an output Which is higher than 
that of the conventional case can be obtained. HoWever, in 
the case Where 10 semiconductor lasers are provided When 
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a mounting rate for a single semiconductor laser is 98%, the 
mounting rate is reduced to 82%. Since a further reduction 
in the mounting rate must be avoided, it is preferable that the 
number of semiconductor lasers that can be multiplexed be 
10 or less. 

[0031] In the case Where 10 semiconductor lasers are 
disposed in a roW, the mounting accuracy required is 
extremely high (less than 0.1 pm) When using a multi-mode 
optical ?ber having a core diameter of 50 pm or less and an 
NA of 0.3 or less, or having (core diameter><NA) of 7.5 pm 
or less. HoWever, in the case of 6 or 7 semiconductor lasers, 
the mounting accuracy required is considerably reduced 
(less than 0.3 to 1 pm). In addition, in the case of 6 or 7 
semiconductor lasers, a high output Which is equal to at least 
tWo times the output of the case of 3 semiconductor lasers 
can be obtained. 

[0032] According to the multiplex laser light source of the 
present invention, each semiconductor laser has a light 
emitting Width of 1.5 to 5 pm and is constructed of a GaN 
semiconductor laser. As a result, high output (50 mW or 
greater) can be obtained, compared With the maximum 
output that is obtained by semiconductor lasers having a 
perfect single transverse mode structure. In addition, in the 
multiplex laser light source of the present invention, each 
semiconductor laser may have a light-emitting Width of 5 
pm or less. In this case, a light collecting-coupling system 
comprising 3 or more semiconductor lasers can be consti 
tuted With respect to a multi-mode optical ?ber having (core 
diameter><NA) of 7.5 pm or less. Furthermore, in the mul 
tiplex laser light source of the present invention, each 
semiconductor laser may have a light-emitting Width of 2 to 
3 pm. In this case, in the aforementioned image forming 
system a light collecting-coupling system comprising 6 or 7 
semiconductor lasers can be constituted. 

[0033] According to the multiplex laser light source of the 
present invention, a plurality of semiconductor lasers are 
arrayed tWo-dimensionally When vieWed from a side Where 
the laser beams are received. Therefore, since a great num 
ber of semiconductor lasers can be disposed in high density, 
a great number of laser beams are incident on a single 
multi-mode optical ?ber. As a result, a multiplexed laser 
beam With higher output can be obtained. 

[0034] According to the multiplex laser light source of the 
present invention, at least the exit end portions of the 
multi-mode optical ?bers are disposed in one-dimensional 
array form or bundle form. Therefore, high-output laser 
beams can be emitted one-dimensionally or tWo-dimension 
ally from the optical ?bers. If each of the laser beams 
emitted one-dimensionally or tWo-dimensionally is caused 
to be incident on each modulating portion of a space light 
modulation element, such as a GLV or DMD Where the 
modulating portions are arrayed in a roW or tWo-dimension 
ally, the laser beams can be ef?ciently modulated for image 
exposure, etc. 

[0035] Hence, in the exposure apparatus of the present 
invention With the aforementioned multiplex laser light 
source as its light source, the space light modulation element 
is employed so that laser beams emitted tWo-dimensionally 
can be irradiated to photosensitive material tWo-dimension 
ally. Alternatively, laser beams emitted one-dimensionally 
or tWo-dimensionally are irradiated to photosensitive mate 
rial, and the photosensitive material is moved in a sub or 
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horiZontal scanning direction With respect to the laser 
beams. In this manner, a tWo-dimensional image can be 
recorded on the photosensitive material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The above and other objects and advantages Will 
become apparent from the folloWing detailed description 
When read in conjunction With the accompanying draWings 
Wherein: 

[0037] FIG. 1 is a plan vieW shoWing a multiplex laser 
light source according to a ?rst embodiment of the present 
invention; 

[0038] FIG. 2 is a perspective vieW shoWing the semi 
conductor lasers of the multiplex laser light source shoWn in 
FIG. 1; 

[0039] FIG. 3 is a plan vieW shoWing an ultraviolet 
high-brightness multiplex ?ber module equipped With the 
multiplex laser light source of FIG. 1; 

[0040] FIG. 4 is a sectional vieW of the ultraviolet high 
brightness multiplex ?ber module shoWn in FIG. 3; 

[0041] FIG. 5 is a part-front vieW of the ultraviolet 
high-brightness multiplex ?ber module shoWn in FIG. 3; 

[0042] FIG. 6A is an enlarged side vieW of a collimator 
lens employed in the multiplex laser light source; 

[0043] 
lens; 

[0044] FIG. 7A is an enlarged side vieW of a collective 
lens employed in the multiplex laser light source; 

FIG. 6B is an enlarged front vieW of the collimator 

[0045] FIG. 7B is an enlarged front vieW of the collective 
lens; 

[0046] FIG. 8 is a perspective vieW of a light source 
device employing a plurality of multiplex laser light sources; 

[0047] FIG. 9 is a plan vieW shoWing a multiplex laser 
light source according to a second embodiment of the 
present invention; 

[0048] FIG. 10 is a plan vieW shoWing a multiplex laser 
light source according to a third embodiment of the present 
invention; 

[0049] FIG. 11 is a plan vieW shoWing a multiplex laser 
light source according to a fourth embodiment of the present 
invention; 

[0050] FIG. 12 is a perspective vieW shoWing an exposure 
apparatus according to a ?fth embodiment of the present 
invention; 

[0051] FIG. 13 is a perspective vieW of the light-source 
board of the exposure apparatus shoWn in FIG. 12; 

[0052] FIG. 14 is a front vieW of the ?ber array section of 
the exposure apparatus shoWn in FIG. 12; 

[0053] FIG. 15 is a block diagram shoWing the electrical 
construction of the exposure apparatus; and 

[0054] FIG. 16 is a ?oWchart shoWing hoW an image is 
recorded by the exposure apparatus. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] Referring noW in greater detail to the drawings and 
initially to FIG. 1, there is shown a multiplex laser light 
source in accordance With a ?rst embodiment of the present 
invention. As shoWn in the ?gure, the multiplex laser light 
source is constructed of 7 (seven) transverse multi-mode 
GaN semiconductor lasers LD1 to LD7 as an example, 
arrayed on a heat block 10 consisting of copper; collimator 
lenses 11 to 17 provided so that they correspond to the GaN 
semiconductor lasers LD1 to LD7; a single collective lens 
20; and a single multi-mode optical ?ber 30. 

[0056] Note that FIG. 1 shoWs the basic structure of the 
multiplex laser light source of the ?rst embodiment. There 
fore, the con?gurations of the collimator lenses 11 to 17 and 
the collective lens 20 are schematically shoWn. The details 
of their mounted states Will be described later. The mounted 
state of the GaN semiconductor lasers LD1 to LD7 on the 
heat block 10 is shoWn in FIG. 2. 

[0057] The GaN semiconductor lasers LD1 to LD7 each 
have, for example, an emission Wavelength of 405 nm and 
a maximum output of 100 mW. Laser beams B1 to B7 
emitted divergently from the GaN semiconductor lasers LD1 
to LD7 are collimated by the collimator lenses 11 to 17, 
respectively. 
[0058] The collimated laser beams B1 to B7 are collected 
by the collective lens 20 and converge on the entrance end 
face of the core 30a of the multi-mode optical ?ber 30. In the 
?rst embodiment, the collimator lenses 11 to 17, and the 
collective lens 20 constitute a light-collecting optics system. 
In addition, the collimator lenses 11 to 17, the collective lens 
20, and the multi-mode optical ?ber 30 constitute a multi 
plex optics system. That is, the laser beams B1 to B7 
collected by the collective lens 20 are incident on the core 
30a of the multi-mode optical ?ber 30 and propagate 
through the core 30a and are multiplexed into a single laser 
beam B. The laser beam B emerges from the exit end face 
of the multi-mode optical ?ber 30. Note that the multi-mode 
optical ?ber 30 may be a step index type, a graded index 
type, or a combination step-graded index type. 

[0059] An ultraviolet high-brightness multiplex ?ber mod 
ule comprising the multiplex laser light source Will be 
described in detail With reference to FIGS. 3, 4, and 5. Note 
in these ?gures that the con?gurations and mounted states of 
the collimator lenses 11 to 17 and collective lens 20 are 
shoWn in detail. 

[0060] In the ?rst embodiment, optical components com 
prising the multiplex ?ber module are housed Within a 
box-shaped package 40 having an upper opening. If the 
upper opening of the package 40 is closed by a package lid 
41, the optical components are sealed hermetically Within a 
closed space, de?ned by the package 40 and the package lid 
41. 

[0061] Abase plate 42 is mounted on the bottom plate of 
the box-shaped package 40, and the heat block 10 is 
mounted on the top surface of the base plate 42. A collima 
tor-lens holder 44 to hold the collimator lenses 11 to 17 is 
mounted on the heat block 10. Furthermore, a collective-lens 
holder 45 for holding the collective lens 20, and a ?ber 
holder 46 for holding the entrance end portion of the 
multi-mode optical ?ber 30, are mounted on the top surface 
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of the base plate 42. A Wire assembly 47, Which supplies 
driving current to the GaN semiconductor lasers LD1 to 
LD7, is pulled out of the package 40 through an opening 
formed in the transverse Wall of the package 40. 

[0062] Note in FIG. 3 that to avoid complexity in the 
?gure, only one of the GaN semiconductor lasers LD1 to 
LD7 is labeled, With reference numeral LD7. Similarly, only 
one of the collimators 11 to 17 is labeled, With reference 
numeral 17. 

[0063] FIG. 5 shoWs the front vieW of the mounted 
portions of the collimator lenses 11 to 17. As shoWn in the 
?gure, each of the collimator lenses 11 to 17 has a slender 
con?guration is a cut out of an aspherical lens that includes 
the optical axis thereof. The collimator lenses 11 to 17 are 
formed, for example, by molding resin or optical glass. The 
enlarged side con?guration and front con?guration of the 
collimator lens 17 are shoWn FIGS. 6A and 6B, respec 
tively, and the essential portions are represented in millime 
ter units. 

[0064] As illustrated in FIGS. 5 and 6, each of the 
collimator lenses 11 to 17 has a ?rst aperture diameter in a 
?rst direction (lateral direction in FIG. 5 Where the light 
emitting points of the GaN semiconductor lasers LD1 to 
LD7 are disposed) and a second aperture diameter larger 
than the ?rst aperture diameter in a second direction (vertical 
direction in FIG. 5) perpendicular to the ?rst direction. The 
collimator lenses 11 to 17 are disposed in close proximity in 
the lateral direction. 

[0065] On the other hand, the GaN semiconductor lasers 
LD1 to LD7 emit laser beams B1 to B7 at beam divergence 
angles, parallel and vertical to the active layer, of 10° and 
30° (as an example) With a light emission Width of 2 pm. 
These GaN semiconductor lasers LD1 to LD7 are disposed 
so that the light-emitting points thereof are arranged in a roW 
in a direction parallel to the active layer. 

[0066] Therefore, the laser beams B1 to B7 emitted from 
the light-emitting points are incident on the slender colli 
mator lenses 11 to 17, With the direction of the maximum 
divergence angle aligned With the direction of the large 
aperture diameter and the direction of the minimum diver 
gence angle aligned With the direction of the small aperture 
diameter. That is, the slender collimator lenses 11 to 17 
correspond to the elliptical cross sections of the incident 
laser beams B1 to B7 so that their ineffective portions can be 
minimiZed. More speci?cally, each aperture diameter of the 
collimator lenses 11 to 17 in the ?rst embodiment is 1.1 mm 
and 4.6 mm in the horiZontal direction and vertical direction, 
as shoWn in FIG. 6B. Each beam diameter of the laser 
beams B1 to B7 is 0.1 mm and 2.6 mm in the horiZontal 
direction and vertical direction. In addition, the collimator 
lenses 11 to 17 each have a focal length (f1) of 3 mm and a 
numerical aperture (NA) of 0.6, and the pitch betWeen the 
lenses is 1.25 mm. 

[0067] FIGS. 7A and 7B shoW the enlarged side con?gu 
ration and front con?guration of the collective lens 20, the 
essential portions being represented in millimeter units. As 
shoWn in the ?gures, the collective lens 20 has a slender 
con?guration that is a cut out of an aspherical lens that 
includes the optical axis thereof. That is, the collective lens 
20 is long in the horiZontal direction Where the collimator 
lenses 11 to 17 are disposed, and is short in the vertical 



US 2002/0090172 A1 

direction. The focal length (f2) of the collective lens 20 is 
12.5 mm and the NA is 0.3. The collective lens 20 is formed, 
for example, by molding resin or optical glass. 

[0068] The multi-mode optical ?ber 30 is based on a 
graded index optical ?ber (manufactured by Mitsubishi 
Densen). The ?ber core has a graded index pro?le and the 
outer peripheral portion has a step index pro?le. The core 
diameter is 25 pm, the NA is 0.3, and the transmission factor 
at the end face coating is 99.5% or greater. In this case, the 
aforementioned value of core diameter X NA is 7.5 pm. 

[0069] In the ?rst embodiment, the coupling ef?ciency of 
the laser beams B1 to B7 onto the multi-mode optical ?ber 
30 becomes 0.9. Therefore, When the GaN semiconductor 
lasers LD1 to LD7 each have an output of 100 mW, a 
multiplexed laser beam B With an output of 630 mW (=100 
mW><0.9><7) is obtained. 

[0070] As shoWn in FIG. 8, a plurality of ultraviolet 
high-brightness multiplex ?ber modules described above 
can constitute a light source device, in Which a plurality of 
high-brightness ultraviolet laser beams B are emitted from 
the exit ends of the multi-mode optical ?bers 30 disposed in 
a one-dimensional array from. More speci?cally, by dispos 
ing 16 (sixteen) multi-mode optical ?bers 30 Which each 
emit a multiplexed laser beam B of output 630 mW, an 
ultrahigh output of 10 W and a high light density of 5 W/mm 
(=10 W/(125 pm><16) can be realiZed. In addition, a high 
energy ef?ciency of approximately 15%, Which is nearly the 
same as the light emission ef?ciency of the GaN semicon 
ductor laser, can be achieved. 

[0071] It is also possible to dispose the exit end portions 
of the multi-mode optical ?bers 30 in bundle form to 
constitute a light source device. If they are combined With a 
one-dimensional or tWo-dimensional space light modulator, 
the light source device can be suitably used in an image 
exposure apparatus. Such an image exposure apparatus Will 
be described in detail later. 

[0072] A multiplex laser light source according to a sec 
ond embodiment of the present invention Will hereinafter be 
described With reference to FIG. 9. The same reference 
numerals Will be applied to the same elements as those of 
FIG. 1, and a description thereof Will not be given unless 
particularly necessary. 

[0073] The multiplex laser light source of the second 
embodiment differs from the multiplex laser light source 
shoWn in FIG. 1 in that instead of the seven collimator 
lenses 11 to 17 individually formed, a collimator-lens array 
50 With seven lens elements 50a is employed. 

[0074] In the case of employing the 7 collimator lenses 11 
to 17, they are disposed in close proximity to one another, 
as described previously. That is, the pitch betWeen the 
collimator lenses is made smaller to enhance the space 
utiliZing ef?ciency. The space-utiliZing ef?ciency can be 
further enhanced by employing the aforementioned collima 
tor-lens array 50. In addition, if the space-utiliZing ef?ciency 
is enhanced in this manner, there is also obtainable an effect 
that the GaN semiconductor lasers LD1 to LD7, the light 
collecting system, and the multi-mode optical ?ber 30 can be 
assembled With relatively loW accuracy required in the 
assembly process. The reason for that Will hereinafter be 
described in detail. 
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[0075] As shoWn in FIG. 9, assume that the focal length 
and the numerical aperture of each of the lens elements 50a 
of the collimator-lens array 50 (Which correspond to the 
collimator lenses 11 to 17 shoWn in FIG. 1) are f1 and NA]. 
The focal distance of the collective lens 20 is assumed to be 
f2, the numerical aperture of the multi-mode optical ?ber 30 
to be NA2, and the space-utiliZing ef?ciency to be 11. The 
space-utiliZing efficiency 11 is de?ned by the ratio of the area 
of the optical paths of the seven laser beams B1 to B7 to the 
area interposed betWeen the laser beam B1 and the laser 
beam B7. For example, When the optical paths of the seven 
laser beams B1 to B7 are in direct contact With one another 
as in the case of FIG. 9, the space-utiliZing ef?ciency 11 is 
1. 

[0076] The magni?cation ratio M of the lens system, that 
is, the ratio of the beam spot diameter, measured on the core 
end face of the multi-mode optical ?ber 30, to the beam spot 
diameter at the each light-emitting point of the GaN semi 
conductor lasers LD1 to LD7, is given by the folloWing 
equation: 

[0077] Where N is the number of light beams that are 
multiplexed. 

[0078] The above equation indicates that the greater the 
space-utiliZing ef?ciency 11, the loWer the magni?cation 
ratio M. In addition, as the magni?cation ratio M becomes 
smaller, the distance that the laser beams B1 to B7 move on 
the core end face of the multi-mode optical ?ber 30 becomes 
smaller When there is a shift in the positional relationship 
betWeen the GaN semiconductor lasers LD1 to LD7, the 
light collecting system, and the multi-mode optical ?ber 30. 
Therefore, even if the GaN semiconductor lasers LD1 to 
LD7, the light collecting system, and the multi-mode optical 
?ber 30 are assembled With relatively loW accuracy, the laser 
beams B1 to B7 can fall on the core 30a of the multi-mode 
optical ?ber 30. If the assembly accuracy is thus made loW, 
the number of laser beams that are multiplexed can be 
further increased and therefore higher output can be 
obtained. If the space-utiliZing ef?ciency 11 is great, the 
magni?cation ratio M is reduced. Compensation for this 
reduction can be made by increasing the number of optical 
?bers that are multiplexed. Therefore, the number of optical 
?bers that are multiplexed can be increased. 

[0079] The tWo embodiments have been described With 
regard to the case Where seven laser beams are multiplexed 
into a single laser beam. HoWever, the number of laser 
beams in the multiplex laser light source of the present 
invention is not limited to seven. TWo or more laser beams 

can be multiplexed. HoWever, as mentioned previously, it is 
preferable that the number of laser beams that can be 
multiplexed be 10 or less. 

[0080] FIG. 10 shoWs a third embodiment of the present 
invention. As an example, the multiplex laser light source of 
the third embodiment is constructed of 5 (?ve) GaN semi 
conductor lasers LD1 to LD5 and a multiplex optics system 
250. 

[0081] The GaN semiconductor lasers LD11 to LD15 each 
have, for example, an emission Wavelength of 400 nm and 
an output of 50 mW. Collective lenses H11 to H15 are 
provided so that they correspond to the GaN semiconductor 
lasers LD11 to LD15. The collective lenses H11 to H15 are 
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used for collecting laser beams B11 to B15, emitted diver 
gently from the GaN semiconductor lasers LD11 to LD15. 
The GaN semiconductor lasers LD11 to LD15 are disposed 
so that the respective optical axes are directed to a point on 
the entrance end face of the core 251a of a multi-mode 
optical ?ber 251. The collective lenses H11 to H15 are 
disposed so that the laser beams B11 to B15 converge at the 
point on the entrance end face of the core 251a. 

[0082] As an example of the multi-mode optical ?ber 251, 
the core 251a of 50 pm in diameter is covered With a 
cladding layer 251b having a refractive index loWer than that 
of the core 251a. The multi-mode optical ?ber 251 and the 
collective lenses H11 to H15 constitute the multiplex optics 
system 250. That is, the laser beams B11 to B15 collected by 
the collective lenses H11 to H15 are incident upon the core 
251a of the multi-mode optical ?ber 251 and propagate 
through the core 251a and are multiplexed into a single laser 
beam B10. The laser beam B10 emerges from the multi 
mode optical ?ber 251. 

[0083] In the third embodiment, the maximum incidence 
angle 0 of the laser beams B11 to B15 is set so that it is 
Within the maximum acceptance angle 0max corresponding 
to the NA of the multi-mode optical ?ber 251. In the case of 
NA=0.2, for instance, the maximum incidence angle 0 is set 
so as to be Within 11°, because 0max is 11° from sin 
0max=0.2. For example, as shoWn in FIG. 10, in the case 
Where ?ve GaN semiconductor lasers LD11 to LD15 of 
output 50 mW are employed, and ?ve laser beams B11 to 
B15 are indirect contact With one another, the maximum 
incidence angle 0 is approximately 11° and is Within 11°, 
When the convergent angle 0t of each of the laser beams B11 
to B15 is 4.4°. Amultiplexed laser beam B of 250 mW can 
be obtained. 

[0084] In the case that the multiplex system mentioned 
above is employed, a plurality of semiconductor lasers are 
arrayed one-dimensionally like this embodiment. It is also 
possible, in order to employ a greater number of semicon 
ductor lasers, to array said lasers tWo-dimensionally. 

[0085] That is, in this embodiment, a plurality of semi 
conductor lasers are arrayed along a circular arc. HoWever, 
a plurality of semiconductor lasers may be arrayed along a 
predetermined spherical surface. In this case, a single multi 
mode optical ?ber is disposed so that the center of the core 
end face thereof is positioned at the center of the spherical 
surface. With this arrangement, laser beams are emitted from 
the plurality of semiconductor lasers toWard the core end 
face and are multiplexed into a single laser beam through the 
multi-mode optical ?ber. 

[0086] In addition, in the case Where a plurality of semi 
conductor lasers are mounted in a roW on a support member 

such as a heat block, as in the ?rst and second embodiments 
described previously and a fourth embodiment to be 
described later, a plurality of support members each ?xing a 
plurality of semiconductor lasers can be stacked so that a 
great number of semiconductor lasers can be arrayed tWo 
dimensionally. 
[0087] If a great number of semiconductor lasers are 
arrayed tWo-dimensionally in the aforementioned manner, 
they can be disposed in high density. As a result, a great 
number of laser beams are incident on a single multi-mode 
optical ?ber, and a multiplexed laser beam With a higher 
output can be obtained. 

Jul. 11, 2002 

[0088] FIG. 11 shoWs a fourth embodiment of the present 
invention. The multiplex laser light source of the fourth 
embodiment, as With the aforementioned embodiments, is 
used to multiplex a plurality of laser beams of the same 
Wavelength into a single laser beam and is constructed of 8 
(eight) GaN lasers LD21 to LD28, mounted on a heat block 
260 consisting of copper, and a multiplex optics system 270. 

[0089] The GaN semiconductor lasers LD21 to LD28 each 
have, for example, an emission Wavelength of 405 nm and 
an output of 50 mW. Laser beams B21 to B28 emitted 
divergently from the GaN semiconductor lasers LD21 to 
LD28 are collimated by a microlens array 261. 

[0090] The laser beams B21 to B28 collimated by the 
microlens array 261 are collected by a single collective lens 
262 and converge on the entrance end face of the core 251a 
of a multi-mode optical ?ber 251. The multi-mode optical 
?ber 251 constitutes the multiplex optics system 270 along 
With the microlens array 261 and the collective lens 262. 
That is, the laser beams B21 to B28 collected by the 
collective lens 262 are incident on the core 25a of the 
multi-mode optical ?ber 251 and propagate through the core 
251a and are multiplexed into a single laser beam B20. The 
laser beam B20 emerges from the exit end face of the core 
251a of the multi-mode optical ?ber 251. 

[0091] In this construction, assuming the NA of each lens 
of the microlens array 261 is 0.5 and that the convergent 
angle 0t of each beam by the collective lens 262 is 275°, the 
converged spot diameter of the laser beams B21 to B28 on 
the core 251a becomes about 1.4 pm. When the outputs of 
the GaN semiconductor lasers LD21 to LD28 are all 50 mW, 
the output of the multiplexed laser beam B20 becomes 400 
mW. In the fourth embodiment, the 8 GaN semiconductor 
lasers LD21 to LD28 are bonded on the heat block 260. 

[0092] Next, an image exposure apparatus, employing the 
ultraviolet high-brightness multiplex optical ?ber module 
shoWn in FIGS. 3 to 5, Will be described With reference to 
FIGS. 12 to 16. 

[0093] FIG. 12 shoWs the construction of the image 
exposure apparatus 110A in its entirety. As shoWn in the 
?gure, the image exposure apparatus 110A includes (1) a 
light source unit 120 for generating a plurality of laser 
beams; (2) an exposure head 130 for collecting the laser 
beams generated by the exposure unit 120; (3) an exposure 
head moving section 140 for moving the exposure head 130 
in a horiZontal scanning direction; (4) a drum 150, on Which 
a recording medium F recording an image is Wound, and 
Which is rotated in the direction of arroW R in FIG. 12 so 
that the storage medium F is moved in a vertical scanning 
direction; and (5) a cooling bloWer 160 for generating a 
cooling Wind to cool the light source unit 120 primarily. 

[0094] The recording medium F is a ?exible recording 
material, Which can be Wound on the drum 150, such as 
photosensitive or thermosensitive ?lm, a photosensitive or 
thermosensitive plate, etc. The present invention is appli 
cable not only to the case Where the recording medium F is 
Wound on the drum 150, but also to the case Where the drum 
150 itself is photosensitive or thermosensitive. 

[0095] The light source unit 120 is equipped With light 
source boards 124, adapter boards 125, and LD driver 
boards 127. A plurality of ultraviolet high-brightness mul 
tiplex ?ber modules (hereinafter referred to simply as mul 










